INTRODUCTION {#sec1-1}
============

Mulberry (桑葚子 Sang Shèn Zǐ) belongs to the genus *Morus* of the family Moraceae \[[Figure 1](#F1){ref-type="fig"}\]. It is widely distributed in Asia, Europe, North America, South America, and Africa. For more than 5000 years, mulberry has been planted for sericulture and has been a valuable resource. The fruit is commonly eaten, often dried, or made into wine, fruit juice, jam, and canned food. Mulberry can grow in a wide range of climatic, topographical, and soil conditions, which can affect the chemical composition and nutritional status of plants. Studies have been reported on the chemical composition and nutritional potentials of some mulberry species worldwide.\[[@ref1][@ref2][@ref3][@ref4][@ref5][@ref6]\]

![The fruits of mulberry](JTCM-3-7-g001){#F1}

The deep colored mulberry fruits are rich in phenolic compounds, including flavonoids, anthocyanins, and carotenoids.\[[@ref7][@ref8][@ref9]\] They represent one of the most widely distributed classes of flavonoids in plants. Such natural substances extracted from plants have been shown to have greater antioxidant and antiinflammatory effects and have been used for health maintenance and disease management since the beginning of recorded history.\[[@ref10]\] Mulberry is traditionally used in Chinese medicines as a pharmaceutical for antifever diuretics, liver protection, eyesight improvement, blood pressure reduction, and cardiovascular disease prevention. Dietary mulberry has been reported to have not only antioxidative, antiinflammatory, antitumor, and antidiabeticeffects, but also cardiovascular, hepato-, and neuro-protectiveproperties\[[@ref11][@ref12][@ref13][@ref14][@ref15][@ref16]\] \[[Figure 2](#F2){ref-type="fig"}\]. This review will highlight the current understanding of the mulberry and discuss the mechanism of its chemopreventive effects.

![Summary of biological activity of ME on various diseases](JTCM-3-7-g002){#F2}

Mulberry composition and effectiveness {#sec2-1}
--------------------------------------

The proximate composition of mulberry fruits was reported by Imran *et al*.\[[@ref17]\] \[[Table 1](#T1){ref-type="table"}\]. The moisture contents were in the range of 78.03--82.4 g/100 g fresh weight (FW). The ash contents ranged between 0.46 and 0.87 g/100 g dry weight (DW). The total lipid contents were in the range of 0.48--0.71 g/100 g DW. The total protein contents of the fruit samples were small, varying between 0.96 and 1.73 g/100 g DW. The crude fiber contents of the fruit samples varied widely between 0.57 and 11.75 g/100 g DW. The total carbohydrate contents showed slight variations among the studied fruits samples. The carbohydrate concentration was found to be in the range of 13.83--17.96 g/100 g DW. Interestingly, the main sugars identified in the analyzed mulberry were glucose and fructose, with sucrose not being detected. The calorific value, calculated on a dry weight basis, ranged between 64.11 and 84.22 kcal/100 g. The overall results showed the fruit samples could be a potential source of lipids, proteins, fibers, carbohydrates, and hence energy.

###### 

The proximate composition of mulberry fruits
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Phenolic acids constitute about one-third of the dietary phenols and are present in plants in free and bound forms.\[[@ref18]\] For the different species of mulberry the yield of extract (%), total phenolics and total flavonoids of 6.9--54.0%, 201--2287 mg/100 g DW and 110--1021 mg/100 g DW, respectively, varied significantly as fruit maturity progressed\[[@ref19]\] \[[Table 1](#T1){ref-type="table"}\]. Among the flavonols, the content of myricetin was found to be high in *Morus alba* (88 mg/100 g DW). The amount of quercetin was as high in *Morus laevigata* (145 mg/100 g DW) at the fully ripened stage. *M. laevigata* and *M. nigra* contained *p*-coumaric acid and vanillic acid while *M. macroura* and *M. alba* contained *p*-hydroxy-benzoic acid and chlorogenic acid as the major phenolic acids. Overall, a trend to an increase in the percentage of extraction yield, total phenolics and total flavonoids, flavonols and phenolic acids was observed as maturity progressed from unripened to fully ripened stages. The nutrient compositions of ME were analyzed in our laboratory as shown in \[[Table 2](#T2){ref-type="table"}\].\[[@ref20]\] Analysis of ME revealed the presence of gallic acid (0.31%), protocatechuic acid (2.92%), catechin (0.54%), epigallocatechingallate (2.68%), caffeic acid (1.10%), epicatechin (1.21%), *p*-coumaric acid (0.35%), rutin (3.22%), ferulic acid (0.27%), gossypin (0.26%), hesperetin (0.34%), resveratrol (0.35%), quercetin (0.50%), naringenin (0.52%), and hydroxyflavin (0.58%) \[[Table 3](#T3){ref-type="table"}\]. Further, HPLC/ESI/MS/MS (High performace liquid chromatography/ electrospray ionization/ Tandem mass spectrometry) analysis of mulberry fruits revealed the presence of four anthocyanins recognized as cyanidin 3-*O*-glucoside (C3G), cyanidin 3-*O*-rutinoside (C3R), pelargonidin 3-*O*-glucoside (P3G), and pelargonidin 3-*O*-rutinoside (P3R).\[[@ref21][@ref22]\]

###### 

Composition of Mulberry water extracts
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###### 

HPLC chromatograms assay
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The bioactivity of the uptake of anthocyanins from mulberry in the intestine was investigated. In the animal model, anthocyanin-rich extract from wild mulberry was orally administered to Wistar rats, and their concentrations were determined in plasma, kidney, and the gastrointestinal (GI) tract.\[[@ref23]\] The total cyanidin level reached a maximum concentration at 15 minutes after oral administration in the plasma and kidney. C3G and C3R were found in plasma as glucuronides, as sulfates of cyanidin, and as unchanged forms. The increase in the plasma anthocyanins level resulted in a significant increase in antioxidant capacity, whereas only 0.11% of cyanidin glycosides were absorbed after 8 hours of administration.

Antioxidation and antiinflammation {#sec2-2}
----------------------------------

Among the phytochemicals in fruit, phenolic acids and flavonols are regarded as major functional food components and are thought to contribute to the health effects of fruit-derived products due to the prevention of various diseases associated with oxidative stress.\[[@ref24]\] Many studies suggest flavonoids, a family of compounds with a C6-C3-C6 skeleton structure, display several biological activities, including antiallergic, antiviral, antitumor, and antiinflammatory action and antioxidant activity.\[[@ref25]\] HPLC analysis showed that the main flavonols rich in mulberry fruit were rutin, morin, quercetin, and myricetin \[[Figure 3](#F3){ref-type="fig"}\]. These flavonols are reported to be effective antioxidants.\[[@ref26]\] For instance, morin significantly reduced the tissue level of cyclosporin, a potent immunosuppressive agent with narrow therapeutic range, and dramatically decreased the nitric oxide production by the activated macrophages.\[[@ref27]\] In addition, C3G isolated from mulberry fruits inhibited the cerebral ischemic damage caused by oxygen glucose deprivation in PC12 cells.\[[@ref28]\] Such anthocyanin-rich fruits have shown concentration-dependent antioxidant activity (inhibition of copper-induced peroxidation of liposome).\[[@ref29]\] Black mulberry juice inhibited the human cytochrome CYP3A activity in the pooled human liver microsome system.\[[@ref30]\] These reports support the possibility mulberry juice contains several components with antioxidant activity. Different species of *Morus* were analyzed for phenolic compounds and antioxidant activity. The total phenolic compounds of the sugar-free extracts (SFEs) were much higher than crude extracts containing sugars.\[[@ref31]\] The SFEs from the *Morusnigra* displayed greater total antioxidant activities than those from other species of *Morus*.

![The structures of main flavonols rich in mulberry fruit](JTCM-3-7-g006){#F3}

Supplementation of ME could protect the liver from age-associated antioxidant decline and protect the brain from cognitive deficits in SAMP8 mice.\[[@ref32]\] Anthocyanins and water extracts from mulberry fruit can scavenge free radicals, inhibit low-density lipoprotein (LDL) oxidation, and have beneficial effects on blood lipid and atherosclerosis.\[[@ref33][@ref34]\] In addition, the serum and liver content of thiobarbituric acid-related substances, a lipid peroxidation product, significantly decreased, while the superoxide dismutase (SOD) of red blood cell and liver, as well blood glutathione peroxidase (GSH-Px) activities significantly increased.\[[@ref35]\] Antistress activity is tightly coupled with antioxidant activity. Interestingly, after administration of mulberry juice one or two weeks before the stress loading, lipid peroxidation was completely blocked. Administration of mulberry juice after the stress loading, without preadministration, was also protective.\[[@ref36]\]

According to a study published in the "Journal of Medicinal Food," mulberry is an excellent source of C3G, traditionally used for treating inflammatory conditions such as rheumatoid arthritis. During this animal research, mulberry fruit extract provided antiinflammatory benefits for arthritic rats.\[[@ref37]\] Yang *et al*. reported that mulberry fruit increased NO production and tumor necrosis factor-alpha (TNF-α) secretion in RAW 264.7 and peritoneal macrophages, co-stimulatory molecule expression in peritoneal macrophages, and interferon-γ (IFN-γ) expression in splenocytes. Further studies indicated that mulberry fruit could significantly induce the phosphorylation of the signal molecules of mitogen-activated protein kinases (MAPKs) and the degradation of IkBα, which finally led to the activation and nuclear translocation of nuclear factor-kB (NF-kB) for the target gene expression. All those notions disclosed that the aqueous extract of mulberry fruit is a TLR4 activator, which induces a Th1 immune response as a consequence of induction of cytokines secretion, especially TNF-α and IFN-γ.\[[@ref38]\]

Anticancer effects {#sec2-3}
------------------

There is a growing realization that a lower incidence of cancer is probably due to the consumption of polyphenol rich diets. Consequently, a systematic dissection of the chemopreventive potential of polyphenolic compounds in recent years has clearly supported their health benefits, including anticancer properties. Many studies in cultured cells, animal models, and human clinical trials have illustrated the protective role of dietary polyphenols against different types of cancers.\[[@ref39][@ref40][@ref41]\] Various mechanistic explanations for their chemopreventive efficacy include their ability to interrupt or reverse the carcinogenesis process by actingon intracellular signaling network molecules involved in the initiation and/or promotion of cancer, or their potential to arrest or reverse the progression stage of cancer.\[[@ref42][@ref43]\]

Six cancer cell lines; AGS, MCF7, SW742, SKLC6, A375, and PLC/PRF/5 exposed to nine novel candidate herbal extracts and cytotoxic drug were performed. The IC~50~ related to candidate herbal extracts were calculated in a range from 22.2 to 99.9 μg/ml, the minimum IC~50~ related to *M. alba* extract and maximum IC~50~ related to C. limon extract (bulk extract) on AGS, indicating the better chemopreventive efficacy of mulberry.\[[@ref44]\] Mulberry anthocyanins, cyanidin 3-rutinoside, and cyanidin 3-glucoside, exhibited an inhibitory effect on the migration and invasion of a human lung cancer cell line by regulating the activation of c-Jun and NF-κB.\[[@ref45]\] Mulberry fruit extracts result in human glioma cell death *in vitro* through the reactive oxygen species (ROS)-dependent mitochondrial pathway and glioma tumor growth *in vivo* via reduction of tumor cell proliferation and the induction of apoptosis.\[[@ref46]\] By targeting p38/p53 and the c-jun pathways, mulberry anthocyanins (MACs) suppressed gastric cancer cell survival and tumorigenesis, and induced apoptotic death *in vitro* and *in vivo*.\[[@ref47]\] Moreover, MACs could mediate B16-F1 cell metastasis by reduction of matrix metalloproteinase-2 and -9 (MMP-2, MMP-9) activities involving the suppression of the Ras/PI3K signaling pathway. Besides, B16-F1 melanoma cells were also injected into the right groin of C57BL/6 mice, and they were fed with MACs at the same time. The hematoxylin-eosin stain (H and E stain) and immunohistochemistry stain showed that the MACs inhibited the metastasis of B16-F1 cells *in vivo*.\[[@ref12]\] Effects of ME on the acquired capabilities of cancer development through various mechanisms are summarized in \[[Figure 4](#F4){ref-type="fig"}\]. Several cancer trials on antiangiogenesis, immune regulation, and tumor microenvironment modulation have been completed but not yet published.

![Effects of ME on inhibiting cancer development through various mechanisms](JTCM-3-7-g007){#F4}

A major impediment in the anticancer chemotherapy process is the multidrug resistance (MDR) phenomenon. Combinational drug therapy has a long history and its root can be found in traditional Chinese medicines (TCMs). IC~50~ values generated by single anticancer drug treatments and several concentrations of ME in combination with doxorubicin on human fetal fibroblast HF2 cells, findings showed that the IC~50~ values induced by a single anticancer drug (doxorubicin) are much lower than that by combinational treatments.\[[@ref48]\] According to the above studies, ME has potential as a cancer chemopreventive agent against apoptosis evasion, insensitivity to antigrowth signals, tissue metastasis, and angiogenesis. Moreover, it can be used in combinational drug therapy by regulating the immune status of the tumor microenvironment.

Hepatoprotection {#sec2-4}
----------------

Hepatocellular carcinoma (HCC) is the most common liver cancer, accounting for 90% of primary liver cancers. By far the most frequent risk factor for HCC is liver cirrhosis (LC), resulting from virus infection, alcohol consumption, nonalcoholic fatty liver disease (NAFLD), and some hereditary diseases.\[[@ref49]\] Although the clinical diagnosis and management of early stage HCC has improved significantly, advanced HCC is a highly aggressive tumor with a poor or no response to common therapies. Epidemiologic evidence suggests that regular consumption of fruits and vegetables may reduce risk of some diseases, including cancer. Therefore, new effective and well-tolerated therapy strategies are urgently needed.

The ethanol-containing diet (ED) group developed fatty liver according to the lipid profile and liver histological findings. Compared with the control group, liver/body weight, serum triglyceride (TG) and total cholesterol (TC), liver TG and TC, serum alanine aminotransferase (ALT), and aspartic aminotransferase (AST) significantly increased in the ED group. In contrast, in the rats administered with TCM consisting of *Astragalus membranaceus, M. alba, Crataegus pinnatifida, Alisma orientale, Salvia miltiorrhiza*, and *Pueraria lobata* (2:2:2:2:1:1), liver/body weight, serum TG and TC, liver TG and TC, serum ALT and AST were significantly decreased, and the degree of hepatic lipid droplets was markedly improved compared with those in the ED group. TCM treatment causes significant reduction in alcohol-induced lipid hepatic accumulation, reversing fatty liver and liver damage, and can be used as a remedy for alcoholic fatty liver.\[[@ref50]\]

Administration of a freeze-dried powder of mulberry fruit (MFP) to rats on a high-fat diet resulted in a significant decline in the levels of serum and liver TG, TC, serum LDL cholesterol, and a decrease in the atherogenicindex, while the serum high-density lipoprotein (HDL) cholesterol was significantly increased. In addition, the serum and liver content of thiobarbituric acid-related substances, a lipid peroxidation product, significantly decreased, while the SOD of red blood cell and liver, as well blood GSH-Px activities, significantly increased. No significant changes in the lipid profile in the serum and liver were observed in rats on a normal diet supplemented with MFP, but the blood and liver antioxidant status improved, as measured by SOD and GSH-Px activity, and lipid peroxidation was reduced. These beneficial effects of MFP on hyperlipidaemia rats might be attributed to its dietary fiber, fatty acids, phenolics, flavonoids, anthocyanins, vitamins, and trace elements content.\[[@ref35]\] Our previous studies showed ME significantly reduced lipid accumulation, suppressed fatty acid synthesis, and stimulated fatty acid oxidation by stimulating adenosine monophosphate-activated protein kinase (AMPK).\[[@ref20]\]

Oral administration of ME significantly reduced the lipid peroxidation triggered by CCl~4~, as shown by the reduced production of thiobarituric acid reactive substance (TBARS). The levels of serum AST, ALT, and alkaline phosphatase (ALP) were also reduced via cotreatment with ME compared with CCl~4~ treatment alone. Cotreatment with ME evidently reduced CCl~4~-induced liver weight and inhibited lipid deposition and fibrogenesis. ME attenuated the proinflammatory genes such as cyclooxygenase 2 (COX2), NF-κB, and inducible nitric oxide synthase (iNOS) expression. The current findings suggest that ME such as silymarin exhibit protective and curative effects against CCl~4~-induced liver damage and fibrosis via decreased lipid peroxidation and inhibited proinflammatory gene expression.\[[@ref51]\] The similar hepatoprotective effects and molecular mechanisms of ME on acute liver failure induced by lipopolysaccharides (LPS) were proved *in vivo*.\[[@ref52]\] Beside, ME suppressed oxidative stress to prevent the formation of hepatic malondialdehyde (MDA) in this study. The *Morusnigra* fruit juice also produced low MDA formation and showed a significant inhibitory effect on hepatocyte intoxication of 80%.\[[@ref53]\]

Cytochrome P450 is a representative enzyme involved in hepatic drug metabolism, which is crucial for the elimination of many therapeutic drugs. Among the members of the P450 family, CYP3A is the most important enzyme and is involved in the majority of the P450-catalyzed metabolism.\[[@ref54]\] It has been shown black mulberry is able to inhibit human CYP3A-catalyzed midazolam1-hydroxylation activity in liver microsomes, and the inhibitory effects are somewhat greater than those of pomegranate.\[[@ref30][@ref55]\] Satoh *et al*. also reported that black mulberry extract (ME) potently inhibits organic anion transporting polypeptide B(OATP-B) function at concentrations that seem to be physiologically relevant *in vitro*.\[[@ref56]\] These results suggest that black mulberry may decrease the plasma concentrations of concomitantly ingested OATP-B substrate drugs or increase the plasma concentration levels of concomitantly ingested CYP3A substrate drugs.

In summary and as shown in \[[Figure 5](#F5){ref-type="fig"}\], mulberry can be used to treat hepatic disease resulting from alcohol consumption, a high fat diet, LPS and CCl~4~ exposure through improving detoxicated and antioxidant enzymes and regulating the lipid metabolism.

![An overview of various targets of fatty liver shown to be regulated by ME](JTCM-3-7-g008){#F5}

Antiobesity and cardiovascular functions {#sec2-5}
----------------------------------------

Obesity is associated with a great diversity of diseases, including metabolic syndrome and cardiovascular disease. There is a metabolic rationale linking the expanded abdominal or visceral fat depot to high TG, low HDL, high LDL dyslipidemia, and insulin resistance, which are often accompanied with impaired metabolic regulation in adipose tissue, leading to an overproduction of free fatty acid (FFA).\[[@ref57]\] Using 6-week-old male hamsters, we investigated the antiobese effect of ME. After 12 weeks of treatment, ME lowered high-fat diet (HFD)-induced body weight and visceral fat, accompanied with hypolipidemic effects by reducing serum triacylglycerol, cholesterol, free fatty acid, and the LDL/HDL ratio. ME decreased hepatic lipids, thus protected livers from impairment. The hepatic peroxisome proliferator-activated receptor R and carnitine palmitoyltransferase-1 were elevated, while fatty acid synthase and 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase were reduced by ME, indicating that ME regulated lipogenesis and lipolysis, which exerted the antiobese and hypolipidemic effects. Noticeably, ME showed both efficacy and safety *in vivo*. In conclusion, ME can be used to reduce body weight, serum, and lipids.\[[@ref58]\]

Abundant lines of evidence suggest anthocyanins can reduce cardiovascular risk, improve inflammation, and protect against chemical toxicity and cerebral ischemic damage.\[[@ref28][@ref59][@ref60][@ref61]\] Two extracts, ME and MACs, exhibit antioxidative and antiatherosclerogensis abilities *in vitro*. Liu *et al*. showed that ME and MACs were able to inhibit the relative electrophoretic mobility (REM), ApoB fragmentation, and TBARS formation in Cu^2+^-mediated oxidation LDL. MWEs and MACs also had the ability of 1, 1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging for reducing the formation of free radicals mediated by copper ions. Further, we observed that ME and MACs could decrease macrophage death induced by oxLDL. The ME and MACs could also inhibit the formation of foam cells. Both ME and MACs showed great ability to scavenge radicals, inhibit LDL oxidation, and decrease atherogenic stimuli in macrophages, while the efficacy of MACs is 10-fold greater than that of ME. It demonstrated that anthocyanins components in MEs acted to prevent atherosclerosis.\[[@ref22]\]

Other research also reported that anthocyanins and water extracts from mulberry fruit can scavenge free radicals, inhibit LDL oxidation, and have beneficial effects on blood lipid and atherosclerosis.\[[@ref62][@ref63]\] Treatment of the freeze-dried powder of mulberry to rats on a high-fat diet resulted in a significant decline in the levels of serum and liver TG, TC, serum LDL, while the serum HDL significantly increased.\[[@ref35]\] *Morusnigra* fruit has a protective action against lipid peroxidation of LDL induced by copper ions.\[[@ref53]\] However, further investigations into the mechanisms of mulberry, which reduce cardiovascular risk, are needed.

Antidiabetes {#sec2-6}
------------

Research on the capacities of mulberry for improving diabetes mostly focuses on the leaves and less on the fruits. However, the cyanidin-3-glucopyranoside (C3G) from mulberry fruit in regard to the improvement and protection of erectile function was examined.\[[@ref64]\] Sprague-Dawley rats were divided into normal control, diabetes mellitus (DM), and DM with C3G concentrated material treatment (DM + C3G) groups. The DM group rats showed markedly lower erectile parameters than those in the control group, whereas rats in the DM + C3G group showed improved erectile function by minimizing corporal apoptosis and increasing the expression of endothelial nitric oxide synthase (eNOS) and neuronal NOS protein. A significant increase in 8-hydroxy-2-deoxyguanosine (8-OHdG) was shown in the DM group compared with the normal group. However, in the DM + C3G group, 8-OHdG was, statistically speaking, significantly reduced compared with the DM group. This study is the first to suggest that mulberry may be able to improve and protect erectile function under conditions of diabetes-induced oxidative stress.

Neuroprotective effects {#sec2-7}
-----------------------

Cerebral ischemia results in low oxygen and glucose supply and is accompanied by a decrease in the level of adenosine triphosphate (ATP) formation. Recent studies support the role of oxidative mechanisms in cerebral ischemia injury. C3G, which is an aglycon of anthocyanin, has free radical scavenging and inflammation suppressing activity, and protects against endothelial dysfunction.\[[@ref65][@ref66][@ref67]\] Several studies in neuroprotective efficacy of ME containing C3G are summarized in \[[Table 4](#T4){ref-type="table"}\] and described below.

###### 

Studies showing neuroprotective of mulberry extracts
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A 1% HCl--methanol mulberry fruit extract containing C3G was shown to have a cytoprotective effect on rat PC12 pheochromocytoma cells that had been exposed to hydrogen peroxide. The extract inhibited the cerebral ischemic damage caused by oxygen glucose deprivation (OGD) in PC12 cells. The neuroprotective effect of the mulberry fruit extract was further demonstrated *in vivo* using a mouse-brain-injury model with transient middle cerebral artery occlusion (MCAO). Compared with the control group, C3G had neuroprotective effects on the PC12 cells exposed to hydrogen peroxide *in vitro* and on cerebral ischemic damage *in vivo*.\[[@ref28]\]

In another study, C3G fraction extracted from the *M. alba* was investigated for its neuroprotective effects against OGD and glutamate-induced cell death in rat primary cortical neurons.\[[@ref68]\] A time-course study of OGD-induced cell death of primary cortical neurons at 7 days *in vitro* (DIV) indicated that neuronal death was OGD duration-dependent. It was also demonstrated that OGD for 3.5 h resulted in approximately 50% cell death, as measured by a LDH release assay. Treatments with mulberry C3G fraction maintained the mitochondrial membrane potential (MMP) in primary cortical neurons exposed to OGD as assessed by the intensity of rhodamine-123 fluorescence. These results therefore suggest that the neuroprotective effects of mulberry C3G fraction are mediated by the maintenance of the MMP and mitochondrial function in rat primary cortical neurons.

In an animal model, male Wistar rats were orally given MFP at doses of 2, 10, and 50 mg/kg BW at periods of 7 days before and 21 days after induced MCAO. The animals' spatial memory, motor performance, and sensory performance were measured every 7 days before and after the operation until the end of the experiment. In addition, the density of survival neurons was determined using cresyl violet stain. The results showed that significant improvement in health conditions when using mulberry fruits after a single dose and 7 days of MCAO at doses of 2 and 10 mg/kg BW. For cognitive deficit condition, mulberry fruits can exert a neuroprotective effect at doses of 10 and 50 mg/kg BW after 21 days MCAO. A significant change in sensory recovery was observed at 50 mg/kg BW after MCAO 7 days. The mulberry fruits also improved the density of survival neurons in CA2 and CA3 of the hippocampus after 21 days of MCAO. All results in this study suggest that mulberry fruit has high potential against stroke conditions. However, the precise underlying mechanism still requires further investigation.\[[@ref69]\]

Worldwide, as the population ages, the probability of people developing neurodegenerative diseases such as Alzheimer\'s disease and Parkinson\'s disease (PD) is increasing. Oxidative stress is thought to be one of the factors that reduce cognitive and motor performance in neurodegenerative disease. Kim *et al*. examined the protective effects of ME against neurotoxicity in *in vitro* and *in vivo* PD models.\[[@ref70]\] In SH-SY5Y cells stressed with 6-hydroxydopamine (6-OHDA), ME significantly protected the cells from neurotoxicity. Other assays demonstrated that the protective effect of ME was mediated by its antioxidant and antiapoptotic effects, regulating reactive oxygen species and NO generation, Bcl-2 and Bax proteins, mitochondrial membrane depolarisation and caspase-3 activation. In mesencephalic primary cells stressed with 6-OHDA or 1-methyl-4-phenylpyridinium (MPPt), pretreatment with ME also protected dopamine neurons, showing a wide range of effective concentrations in MPPt-induced toxicity. In the sub-acute mouse PD model induced by 1-methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine (MPTP), ME showed a preventative effect against PD-like symptoms (bradykinesia) in the behavioral test and prevented MPTP-induced dopaminergic neuronal damage. These results indicate that ME have neuroprotective effects *in vitro* and *in vivo*, and may be useful in preventing or treating PD.

CONCLUSION {#sec1-2}
==========

Recent researches have indicated that mulberry fruit has beneficial effects in reducing the risk of chronic disease. These results strongly reflect the chemoprevention potential of ME. Although several studies have established the potential of ME and were carried out in animals to prove the preventive potential of mulberry, a proper understanding of mechanisms that reduce the risk of disease remains elusive. Further testing of ME in humans is required to confirm these observations. Based on our understanding of the mechanisms for ME, we conclude that ME is unlikely to have a single target or receptor that is responsible for all the observed activities. Since information on the bioavailability of mulberry after consumption is limited in humans, studies on absorption, distribution, and the metabolism of mulberry polyphenols in animals and humans are needed. Future studies should not only focus on understanding the mechanisms, but also design strategies for the development of ME as better chemopreventive agents. Therefore, the advanced study will be needed to demonstrate that the single, pure component of ME has chemopreventive activity and to reveal the possible mechanism of action of these compounds, respectively. Over a dozen different cellular proteins and enzymes have been identified that are regulated by ME. In the future, microarray gene chip technology should be determined to show which genes are regulated by ME. How ME produces its chemopreventive effects is not fully understood, but they are probably mediated in part through the antioxidant and antiinflammatory action of the extracts. Although further studies are needed, mulberry appears to be a low-risk, inexpensive complementary therapy for a number of conditions. We suggest that naturally occurring agents such as ME could be developed as potent chemopreventive agents and as natural healthy foods for managing chronic disease, metabolic syndromes, or cancer.
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